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15. If a single-trace oscilloscope is used, disconnect the GCV OUT voltage from the 
vertical input of the oscilloscope and use it as an external sync signal. Connect 
the vertical input of the oscilloscope to measure the voltage across the output 
of the circuit being tested. 

If a dual-trace oscilloscope is used, use the channel A attenuator/gain controls 
to reduce the amplitude of the sweep voltage waveform to about two vertical 
divisions and position the channel A trace toward the bottom of the screen as 
shown in Fig. 27. Sync the oscilloscope to the channel A signal. Connect the 
channel B input of the oscilloscope to measure the voltage across the output 
load of the circuit being tested. 

16. Adjust the signal amplitude of the 3020 output with the AMPLITUDE control 
and ATTENUATION buttons. The frequency response display should now be 
seen on the oscilloscope screen. Adjust the oscilloscope vertical or channel B 
attenuator/gain controls for the desired amplitude on the display. Be sure to 
keep the signal level out of the 3020 below the clipping level of the circuit 
being tested. To prevent clipping, start with a low signal, level from the 3020 
and increase signal amplitude until the highest peak on the display no longer 
increases as the AMPLITUDE control is increased, then reduce amplitude 
slightly below that point. 

17. Select LIN or LOG display as desired. When switching from LIN to LOG, or 
vice versa, you may wish to readjust the oscilloscope sweep speed to spread the 
display over a different number of horizontal divisions for frequency markers. 
On a single trace oscilloscope, it will probably be necessary to reconnect and 
observe the GCV OUT sweep voltage waveform for making this adjustment. 

18. The SWEEP RATE may be changed if necessary by repeating steps 12 thru 17. 
The procedure must be started from the beginning to change the SWEEP 
WIDTH. 
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Further versatility is possible with external tone burst gating and external 
control of the VCG for operation such as programmable frequency control, FSK, 
and sweeping or FM’ing to an external control signal. 

A fixed level TTL output is available in addition to the adjustable amplitude 
50-ohm output, which can be varied from 20 millivolts to 20 volts peak-to-peak 
open circuit (10 millivolts to 10 volts peak-to-peak into 50 ohms). A sample of the 
generator control voltage (GCV) is also available for external use, such as horizontal 
sweep of an oscilloscope during sweep- alignment or frequency response measure¬ 
ments. 


Fig. 27 shows that UN sweep gives more resolution of high frequency response 
and LOG sweep gives more resolution of low frequency response. Sometimes it is 
desirable to examine the frequency response characteristics of a device using botf 
LIN and LOG sweep. Notice that this method also provides the conventiona. 
left-to-right sweep pattern to which most technicians are accustomed. 


Procedure 

The following procedures, along with Fig. 27, describes the typical set-up an 
technique for linear/log frequency response measurements. 

1. Select the desired frequency range with the RANGE switch. Choose the ran* 
at which the highest frequency of the sweep would be selected if dialed i 

- manually. 

2. Set the FREQ dial to select the lowest frequency to be swept. 

3. During initial set-up, turn the SWEEP WIDTH control to OFF, and the SWEE 
RATE control to mid-position. 

4. Connect a cable from the GCV OUT jack to the vertical input of i 
oscilloscope (channel A input if a dual-trace oscilloscope is used). Sele 
normal sweep operation; not X-Y operation. 

5. Use DC coupling for the oscilloscope vertical input and adjust the oscilloscoj 
controls to display a trace. Use automatic sync on triggered sweep scopes. 

6. Use the oscilloscope vertical position control to locate the trace at a conveniei 
reference point toward the top of the screen. 

7. Now, set the FREQ dial to the highest frequency to be swept. As tl 
frequency is increased, the oscilloscope trace will move down. 

8. Use the oscilloscope vertical attenuator/gain controls to position the trace at 
convenient reference point toward the bottom of the screen. 

9. Repeat steps 2, 6, 7, and 8 so that the low and high frequency trace positio 
are both at convenient reference points (for example, four vertical divisio: 
apart), and so that any interaction between oscilloscope controls is eliminate 

10. Now return the FREQ dial to the lowest frequency to be sweep in preparatic 
for sweep operation. 
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Sine Wave 
Distortion 


Amplitude Flatness 


Triangle Wave 


Variable amplitude. 

Less than 1%, 0.2 Hz to 100 kHz; less than 0.5% 
typical. Harmonics more than 25 dB below funda¬ 
mental, 100 kHz to 2 MHz. Distortion specifications ap¬ 
ply from dial settings of .2 to 2.0. 

Better than ±0.3 dB to 2 MHz at maximum output 
amplitude. 

Variable amplitude. 


linearity 


99% to 100 kHz. 


TTL Output 
Level 

Rise/Fall Time 


Rear panel jack. Drives up to 20 TTL loads. 

Fixed amplitude, logic 0 less than 0.4 V; logic 1 more 
than 2.4 V. 

Less than 25 nSEC. 


SWEEP CHARACTERISTICS 


Internal Linear or log. 

Sweep Rate 0.5 Hz (2 SEC period) to 50 Hz (20 mSEC period), 

continuously variable. 


Sweep Width 


Variable from 10:1 to 1000:1 


Sweep Voltage 
Output 


Proportional to frequency. Rear GCV OUT jack. 0 to 
2 volt ramp proportional to 1000:1 sweep. 


External Sweep 


Rear panel VCG IN jack. Input impedance is 1 
kilohm. 


TONE BURST CHARACTERISTICS 


Burst Gate 


Internal or external. 


Burst Width Internal: adjustable from 5 to 90% of period of 

internal gating frequency. 

External: accepts any TTL gating pulse, logic 0 less 
than 0.8 V, logic 1 more than 2.0 V. 

Repetition Rate Internal: 0.5 Hz to 50 Hz (2 SEC to 20 mSEC period) 

set by SWEEP RATE control. 

External: per external gating pulse. 


8. Adjust R81 for zero volts DC on meter. 

Sine Wave Distortion Adjustment 

1. Set FREQ dial to 1.0 and RANGE switch to IK (1 kHz output). 

2. Select sine wave signal. 

3. Make sure the output signal is not clipped. Keep the AMPLITUDE control to a 
mid-range setting and zero out the DC OFFSET control. 

4. Connect distortion analyzer to measure the 3020’s output signal. 

5. Adjust the distortion analyzer for minimum distortion reading. 

6. Adjust R88. then R94, for minimum distortion. Repeat until no improvement 
is noted. Distortion should be below 0.5%. 

Amplitude Adjustment 

1. Select 1 kHz triangle wave output. 

2. Display triangle wave signal on oscilloscope and adjust oscilloscope controls 
and AMPLITUDE control of 3020 for convenient reference amplitude. Zero 
out any DC offset with DC OFFSET control. 

3. Select square wave signal and adjust R46 for same peak-to-peak amplitude as 
the triangle wave reference signal. 

4. Select sine wave signal and adjust R86 for same peak-to-peak amplitude as 
triangle wave reference signal. If sine wave distortion adjustments are being 
performed, complete them before performing this step. 
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OPERATOR’S CONTROLS 

(See Fig. 1 and 2) 


1. FREQuency dial. 

2. RANGE switch. On-off switch and frequency range selector. 

3. FUNCTION switches. Select sine wave, square wave or triangular wave output. 

4. SWEEP WIDTH control. On-off switch for internal sweep generator; adjusts 
magnitude of sweep. With switch OFF, no sweep is generated unless external 
sweep voltage is applied to VCG IN jack. 

5. SWEEP RATE control. Adjusts sweep rate of internal sweep generator and 
repetition rate of burst gate. 

6 . LIN/LOG switch. Selects internal linear or logarithmic sweep. 

7. SYMMETRY control. Adjusts symmetry of output from 1:1 (CAL position) to 
40:1. 



Fig. 1. Front panel operator’s controls. 



Fig. 26. Location of fuse and calibration adjustments. 


Calibration 

Adjustment 

Function 

Calibration 

Adjustment 

Function 

R2 

100 Hz range frequency 

R26 

Negative current balance 

R3 

1 kHz range frequency 

R46 

Square wave amplitude 

R4 

10 kHz range frequency 

R81 

Ct shunt DC level 

R5 

100 kHz range frequency 

R 86 

Sine wave amplitude 

R 6 

1 MHz range frequency 

R 88 

Sine wave distortion #1 

R14 

Low end dial calibrate 

R94 

Sine wave distortion #2 

R19 

Current source driver offset 

R100 

Sine wave DC level 

R25 

Positive current balance 

R235 

AM DC level 


Current Source Calibration 

1. Set FREQ dial to‘reading of .002. 

2. Connect the DC voltmeter across RIB and adjust R14 for exactly 10 millivolts 
on the meter. 

3. Connect the DC voltmeter across R24 and adjust R19 for exactly 10 millivolts 
on the meter. 
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21. TTL OUT jack. TTL counterpart of 500 output, signal is fixed level TTL 
square wave or pulses. 

22. AM IN jack. Amplitude modulation input jack. 

23. GATE IN jack. Input jack for external burst gate. 

24. Line cord receptacle. 

25. Optional Accessories (not shown). The following optional accessories are 
suitable for use with the Model 3020 Sweep/Function Generator. 

A. B & K-PRECISION Model LC-50 Carrying Case. Provides convenience and 
protection when you transport the instrument. Rugged construction. 
Space for cables and manual. 

B. Instrument Connecting Cables and Adapters. A BNC receptacle is used as 
the 5012 output on the front panel of the 3020. Phono jacks are used as 
the TTL OUT, VCG IN, GCV OUT, AM IN, and GATE IN on the rear 
panel. Two phono plugs are supplied with the generator for adapting 
coaxial connecting cables to mate with these jacks. Also the following 
cables and adapters are available, if desired, for versatility in connecting to 
a variety of other equipment: 

B & K-PRECISION Cables: 

Model Description 

CC-41 36" RG/58U coax, BNC on each end. 

CC-42 36" RG/58U coax, BNC to UHF (PL-259). 

CC43 36" RG/58U coax, BNC to dual banana plugs. 

CC-44 36" RG/58U coax, BNC to microphone connector. 

CC-45 36" RG/58U coax, BNC to type N. 

CC-49 36” audio coax, phono plug to dual banana plugs. 

CC-51 20" audio coax, phono plug to alligator clips. 



(065-140-9-002) for the export models. This tranformer is prewired to match the power 
source in the country of original sale. The transformer can be rewired to the alternate 
line voltage (see Fig. 25). 



Fig. 25. Transformer wiring, export version. 


FUSE REPLACEMENT 

The AC line power fuse FI should not open unless some defect has developed 
in the instrument'. Replace the fuse only after investigation of the reason for its 
opening. Refer to Fig. 26 for fuse location on the main circuit board. 
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OPERATING INSTRUCTIONS 


Power Supply (IC14, IC16, Q12, Q13) 

Power transformer Tl, bridge diodes D12-D15 and filter capacitors Cl8 and 


The Model 3020 Sweep/Function Generator is capable of generating an 
immense variety of output waveforms. The most benefit and satisfaction can be 
gained from the instrument by fully understanding its capabilities and versatility 
and becoming proficient in its operation. One of the best ways to initially gain this 
familiarization is to connect the generator to an oscilloscope, observe the 
waveforms, and notice the effects of the various controls on the waveforms. Use 
this manual as required for reference until becoming accustomed to the operating 
procedures. 

USE AS FUNCTION GENERATOR 
Procedure 

1. Connect AC power cord into receptacle on rear panel and plug into outlet. 

2. To turn on equipment, set RANGE switch to any position except POWER 
OFF. 

3. To make sure that the output is symmetrical and unaffected by the sweep 
generator, burst gate or other controls, set the following controls as specified: 

CONTROL POSITION CONTROL POSITION 

SWEEP WIDTH OFF (fully ccw) CW/AM CW (button out) 

SYMMETRY CAL (fully ccw) DC OFFSET centered 

EXT/INT EXT (button out; no connection to GATE IN jack on rear 

panel) 

4. To select the desired frequency, set the RANGE switch and FREQ dial as 
follows: The output frequency equals the FREQ dial setting times the RANGE 
switch setting. For example, a FREQ dial setting of .6 and a RANGE switch 
setting of 10K produces a 6 kHz output (.6 x 10K = 6 K). A FREQ dial setting 
of 2.0 and a RANGE switch setting of 1M produces 2 MHz output 
(2.0 x 1M = 2M). A FREQ dial setting of .2 and a RANGE switch setting of 1 
produces 0.2 Hz output (.2x1 = .2). 


Cl9 generate +22 V and -22 V, unregulated. The +22 V is applied to voltage 
regulator IC14, which generates the +15 V supply. The +22 V also is applied 
through R107 to regulator 1C15, which generates the +5 V. IC16B and Q13 comprise a 
-15 V regulator which is referenced to the +15 V via R14 and R115. In a similar 
manner, IC16A and Q12 comprise a - 5 V regulator which is referenced to the +5 V 
supply via Rll 1 and R112. 


5. Select sine, square, or triangle wave output by pressing the corresponding 
FUNCTION button. Fig. 3 illustrates the output waveforms and their phase 
relationships. 

6 . Connect a cable from the 50S2 jack to the point where it is desired to inject the 
signal. 
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occurs slightly above these levels. Fig. 4 illustrates the various operating 
conditions encountered when using DC offset. If the desired output signal is 
large or if a large DC offset is used, an oscilloscope should be used to make sure 
that the desired combination is obtained without clipping. The probability of 
clipping is reduced by keeping the AMPLITUDE control in the lower half of its 
adjustment range when possible. 



2. To set the DC OFFSET to zero or a specific DC voltage, depress the 
FUNCTION switches slightly so that all switches are released (all buttons out). 
This removes signal from the output and leaves the DC only. Measure the DC 
output on an oscilloscope or DC voltmeter and adjust the DC OFFSET control 
for the desired value. Although the AMPLITUDE control does not affect the 
DC offset, the DC output passes through the selected ATTENUATOR steps. Be 
sure to use the same amount of attenuation when setting the DC OFFSET that 
will be used when signal is added. 

3. It is easier to accurately set the FREQ dial if settings between .1 and 2.0 are 
used. Since the dial rotation overlaps ranges, it is not usually necessary to use 
readings below .1; just change to a lower range and use a higher dial setting. 
The .002 setting is intended primarily for sweep generator operation. 


Linear Sweep Generator (IC7a, IC7b, Q9) 

Operational amplifier IC7a, capacitor 04 and resistor R57, develop s 
positive-going linear ramp voltage. The charge rate for 04, and thus the frequency 
of the ramp waveform, is adjustable by SWEEP RATE control R56. Operational 
amplifier IC7b switches, as does Q9, when the ramp voltage reaches the threshold 
of IC7b. This discharges capacitor C14 quickly, and forms the negative-going fall 
time of the ramp waveform. 

Log Sweep Shaper (IC7c, lC8b, IC9a, IC8a) 

Operational amplifier IC7c drops the level of the linear ramp waveform tc 
appropriate levels to drive the shaper circuits. Logarithmic shaping is performed by 
lC 8 b and IC9a. The proper output level is provided by current-to-voltage convertei 
IC 8 a. 


Tone Burst Circuits 

Tire internal tone burst generator uses the linear sweep generator ramf 
waveform as the basis of its timing. One cycle of sweep voltage ramp waveforn 
becomes one cycle of tone burst gate pulse (tone burst and rest time). The BURST 
GATE control adjusts the proportion of tone burst time to rest time. 

The internal or external tone burst gate is synchronized with the triangle wav< 
signal so that the tone burst always starts and stops at the zero crossover point, o 
the output waveform. Thus, there will always be full cycles or half cycles of signa 
in a tone burst. This is important for proper synchronization of an oscilloscope fo 
measurements and testing using tone burst operation. The tone burst generato 
shunts the charging current from the timing capacitors to inhibit output during th 
rest time period of tone burst operation. The shunting action is removed during tin 
tone burst, and output signal is permitted. 

Schmitt Trigger (IC7d) 

Differential amplifier IC7d effectively operates as a Schmitt trigger to produc 
a pulse from the linear ramp waveform. Threshold voltage is adjustable by th 
BURST GATE control, thus varying the width of the pulse. 

Burst Gate Level Shifter (IC9d) 

The pulse output from IC7d is shifted to TTL levels by IC9d for prope 
operation of the following gates. The INT/EXT switch selects the output of th 
burst gate level shifter in the INTemai position, or the GATE IN jack in th 
EXTernal position. 

Inverter (IC1 la) 

The positive (logic 1) tone burst pulse is applied to IClia, which OR’s th 
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2. Select the desired type of waveform with the FUNCTION switches. Press the 
square wave button for pulses, triangle button for ramp waves, or sine button 
for slewed sine waves. 

3. Select the desired polarity with the NOR/INV switch. See Fig. 5 for reference. 



also operating, but can only sink - I current. A net positive current, 1, is seen by 
the capacitors and they are linearly charged by the constant current source tc 
produce a positive ramp. 

2. If the signal from the dual-level detector and flip-flop is low-level TTL, 0 V, it 
forward-biases diode D5 and the level detector sinks all the current (21) froir 
the positive current source. Diode D4 now becomes reverse-biased and nc 
current flows thru it. The capacitors now see only the negative current source 
with - I current and are linearly discharged to produce a negative ramp. In the 
100 through 1M ranges the gates work exactly the same except that the 
currents are now 10 times greater. 

Timing Capacitors (Cj) 

Timing capacitors C5 through C9 are chosen for such highly desirable qualities 
as: 

1. Low dissipation factor. 

2. Low temperature coefficient. 

3. Long-term capacitance stability. 

C T Buffer (Q6, Q7) 

The Cj buffer has a very high impedance to minimize leakage currents anc 
prevent loading of the timing capacitors. Q 6 is a dual FET; one half is th( 
high-impedance buffer to the capacitors while the other half provides temperaturt 
compensation to the first half. Q7 is an emitter follower and is used to provide th( 
necessary current to drive the level detector, sine shaper, etc. The three silicoi 
diodes along with the base-emitter junction of Q7 shifts the triangle waveform seer 
at the emitter of Q7 up to four diode drops (about 2.5 V) so that the diode gate: 
can switch properly with a TTL level signal from the level detector. 


Dual-Level Detector and Flip-Flop (IC5) 

The level detector senses the level of the ramp input (either positive c 
negative) and switches output states when the input reaches any one of two voltag 
limit references. Die device (75107) has a dual differential input comparator stag 
and a dual three-input NAND gate output stage connected as an R-S flip-flop. Tb 
input limit voltage references are set by two voltage dividers on the tracking +1.5 ' 
and -15 V supplies. Resistors R33 and R34 set +1.0 V for the minus input of on 
comparator. Resistors R38 and R39 set -1,0V for the plus input, of the othc 
comparator. C 12 couples a small positive feedback from one output of the lin 
receiver (pins 5 and 9) to the inputs (pins 2 and 12) to speed up the switching. 
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the counter is not equipped for period measurement, calculate the frequency 
which is equivalent to the desired pulse width and measure the frequency of 
the waveform. 


desired frequency = ,—,—l -^—- 

desired pulse width x 2 

6 . The generator’s frequency controls establish the time period of the shorter 
duration portion of the waveform. Adjusting the SYMMETRY control does 
not interact with the frequency controls and will not affect this time period. 
However, the FREQ dial and RANGE switch affect both the shorter and longer 
duration portions of the waveform. The SYMMETRY control establishes the 
ratio between the shorter and longer portions of the cycle. After the 
SYMMETRY control has been adjusted, any small change in the setting of the 
FREQ dial will be multiplied by the symmetry ratio and have a large effect on 
the time period of the longer duration portion of the waveform. When 
adjusting for a specific pulse width, set the FREQ dial first, then the 
SYMMETRY control. 

7. The setting of the frequency controls indicates the generator’s output 
frequency only when symmetrical waves are being generated. It does not 
indicate the repetition rate when using the instrument as a pulse generator. The 
frequency controls indicate the frequency which corresponds to the shorter 
portion of the cycle. If the waveform is “stretched" so that the rest time is 
“several times” greater than the pulse width, the frequency control settings are 
“several times” greater than tire repetition rate of the output. The multiplying 
factor is proportional to the setting of the SYMMETRY control. 

8 . To generate a pulse waveform in which pulse width is greater than rest time, 
use the techniques and procedures as described in this manual, except reverse 
the roles of pulse width and rest time. Adjust rest time first, as this manual 
prescribes for the shorter duration portion of the waveform, using the FREQ 
dial. Treat pulse width like this manual prescribes for the longer duration 
portion of the waveform. Adjust it to the desired period with the SYMMETRY 
control. Select the desired polarity with the NOR/INV switch. 

Typical Example 

Assume that it is desired to generate a pulse waveform with a 40-microsecond 
pulse width and repetition rate of 2.5 kHz. The following procedure, along with 
Figs. 6 and 7, describe how to connect equipment, set controls, and interpret 
measurements to obtain tills pulse waveform. Pulse waveforms of other pulse 
widths and repetition rates may be obtained similarly. Steps of the procedure must 
be performed in the sequence specified. 

1. Connect equipment as shown in Fig. 6 Set the SYMMETRY control to CAL. 


THEORY OF OPERATION 

The block diagram, Fig. 28, is located at the rear of this manual on a fold-ot 
page that may be unfolded and used for reference while reading the associated te: 
which follows. The block diagram defines the circuit breakdown of the generate 
Refer to the separately supplied schematic diagram for circuit details. 

GENERAL CIRCUIT DESCRIPTION 

The basic waveform generated in the Model 3020 is the triangle wave. Tills 
accomplished by charging and then discharging a capacitor by equal magnituc 
currents. A dual comparator and flip-flop determine whether the capacitor is beii 
charged or discharged. When the voltage on the capacitor reaches the positive limi 
the charging current is switched off and the capacitor discharges until the low 1 
limit is readied at which time the charging current is then reapplied. The output < 
the dual comparator is a square wave. 

To produce a sine wave, the triangle wave is shaped by a special amplifie 
Range switching is accomplished by changing the magnitude of the current sourc 
and the timing capacitors. Dial frequency tuning is done by changing the magnitm 
of the current sources. A frequency change of over a 1000:1 is possible with tl 
frequency dial. 

The peak-to-peak voltage of the triangle wave generated is 2.0 volts, the frequent 
of operation is determined by the currents, the capacitor value and tl 
peak-to-peak voltage of the triangle wave. 

DETAILED CIRCUIT DESCRIPTION 
Frequency Control Voltage Reference (IC1A) 

The frequency control voltage reference is composed of five trimpots (R2 thi 
R6), two resistors and IC1A, which divide the +15 volts supply and provide 
reference voltage of approximately +10 volts to the FREQ dial potentiometer. Eat 
trimpot is adjusted to compensate for the tolerance variations of the timit 
capacitors. 

Tuning Amplifier (IC1B) 

The tuning amplifier is provided to buffer the output of the FREQ dial pc 
This assures that this voltage will be as linear as frequency pot R3 itself. If not, F 
would be in parallel with frequency pot R3 and the action of the frequency pi 
would be non-linear. 
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the desired EC reference level for the waveform (TTL output is independent of 
DC OFFSET control). 



Fig. 6. Typical set-up for pulse generation. 


USE AS SWEEP GENERATOR 
Procedure 

1. Set up equipment as for function generator operation. 

2. Select linear or logarithmic sweep with the LIN/LOG switch. 

3. Select the highest frequency to be swept with the RANGE switch and the 
lowest frequency to be swept with the FREQ dial. 

4. Adjust the amount of sweep with the SWEEP WIDTH control. 

5. Adjust the repetition rate of the sweep with the SWEEP RATE control. 



PRESET FREQUENCY SELECTION 

In test and design work where several frequencies are used repeatedly, it 
convenient to be able to preselect these frequencies with a minimum of effort, i 
shown in Fig. 22, the VCG feature of the 3020 can be used together with pres 
voltages and a frequency selector switch. 

1. Set the FREQ dial of the 3020 to .002. 

2. Connect the 50E2 output to a frequency counter. 

3. With the frequency selector switch in the FI position, adjust R1 for the desiri 
frequency as observed on the frequency counter. Repeat this for tl 
frequencies desired. 

4. With the FREQ dial set at .002, and a maximum available A+ voltage of abo 
10 volts, frequencies encompassing a 1000:1 range can be obtained by tl 
method on each frequency range. 

5. To maintain frequency accuracy each time the set-up is used, the dial mi 
always be set to exactly the same position. To assure this accuracy, set the d 
solidly against the low end stop at dial setting . 002 . 

DIGITAL FREQUENCY SELECTION 

Frequencies can be switched electronically by using the set-up shown 
Fig. 23. The preset voltages can be digitally selected and applied to the VCG 
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the dial setting. The sweep generator will sweep upward from that point. 
However, it will sweep upward only to the range limit (highest frequency to 
which the dial can tune on the selected range). Therefore, a low dial setting is 
required to obtain a sweep covering a wide frequency range. The .002 setting 
must be used to obtain the maximum sweep width of 1000:1 (highest 
frequency sweep is 1000 times that of lowest frequency swept). If a high dial 
setting and high SWEEP WIDTH setting are used simultaneously, the generator 
will sweep to the range limit and cease operation for a portion of the sweep cycle, 
effectively clipping the sweep. Of course, if only a small frequency band is to 
be swept, a low dial setting is not important. In fact, it may be easier to set to 
the desired frequencies if the dial setting is. 1 or higher. 

2. The GCV OUT jack on the rear panel provides a voltage that is proportional to 
the output frequency, and is directly proportional to the dial setting when the 
sweep generator is off. A dial setting of .002 produces approximately 0 volts, a 
dial setting of .2 produces -0.2 volt, a dial setting of .5 produces -0.5 volt, 
etc., to a dial setting of 2.0, which produces -2.0 volts. The voltage is present 
in the form of a negative-going sweep voltage during sweep operation. 

3. Determining how to properly set the SWEEP WIDTH control is fairly simple 
using the GCV OUT voltage. Connect the GCV OUT voltage to an oscilloscope 
using DC coupling. Before starting sweep operation set the RANGE switch to 
the same position that will be used in subsequent ssveep operation, and the 
FREQ dial to the lowest frequency to be swept. Mark the trace position on the 
face of the oscilloscope with a grease pencil, then set the dial to the highest 
frequency to be swept and again mark the trace position. Use the oscilloscope 
gain and centering controls to position and separate the markers conveniently. 
Return the FREQ dial to the lower setting and begin sweep operation. Adjust 
the SWEEP WIDTH control so the oscilloscope deflection spans the space 
between the two markers. 

4. Setting of the SWEEP RATE control is dependent upon the frequencies being 
swept. A lower repetition rate (ccw rotation of SWEEP RATE control) is 
required for sweeping of low frequencies, and a high repetition rate (cw 
rotation of SWEEP RATE control) may be used for sweeping higher 
frequencies. The sweep rate must be low enough to allow a few cycles of 
generator output at the low frequency end of the sweep before the generator 
sweeps into mid-range. The LOG sweep is sometimes preferred because it does 
not sweep through the low frequencies as rapidly. A higher sweep rate reduces 
flickering of the oscilloscope for viewing convenience. 

5. This manual contains two procedures for using the sweep generator to perform 
frequency response measurements. A summary of each method follows: 

a. The linear display procedure, starting on page 37, is usually preferred 
when only a linear display is desired because frequency markers may be 
added very easily. This method uses the GCV OUT' voltage as horizontal 
deflection to an oscilloscope (X-Y operation). Since GCV OUT voltage is 


Oscilloscope (dua! irace preferred! 



6 . Decoder sensitivity can be measured by varying the amplitude of the tone burs 
signal. Adjust the amplitude to the level that will barely activate the decode 
output. Measure this signal level; it is the decoder’s threshold sensitivity. 

7. Alignment and off-frequency rejection may be checked by performing ; 
frequency response measurement on the tone burst decoder. Measure tin 
output of the decoder tuned circuits, before the detector. 

TESTING MODULATION LIMITERS AND COMPRESSION AMPLIFIERS 

Compression amplifiers are often used in communications equipment t( 
provide better audibility over a wide range of input conditions. One very commoi 
application is modulation limiting in CB radio transmitters. Attack time, the tiiw 
delay from initial application of signal until full compression takes effect, is ; 
primary consideration in compression amplifiers. In CB transmitters, it is expectei 
to become a factor of FCC compliance. The tone burst output of the Model 302( 
Sweep/Function Generator provides an effective method of testing attack time 
Attack time cannot be measured with continuous signal applied. 

1. Connect equipment as shown in Fig. 21. Using a dual-trace oscilloscope in it 
chop mode, display the input of the compression amplifier on one trace am 
the output on the other trace. 

2. Place the Model 3020 Sweep/Function Generator in the tone burst mode o 
operation. 
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TESTING DIGITAL LOGIC CIRCUITS 


1. Set up equipment as described for function generator operation. Display the 
output of the generator on an oscilloscope. 

2. Select the frequency of the tone burst with the RANGE switch and FREQ dial. 

3. Set the EXT/INT switch to the INT position (button in). 

4. Adjust the repetition rate with the SWEEP RATE control. 

5. Adjust the tone burst duty cycle, or adjust the tone burst width to a specific 
time period, with the BURST GATE control. 

Considerations 

1. If the tone burst waveform cannot be obtained on the oscilloscope initially, 
try rotating the BURST GATE control counterclockwise. At full clockwise 
rotation, the tone burst duty cycle is 0% and no output waveform is produced. 

2. Make sure the tone burst and entire off period is viewed when setting the 
repetition rate. The visible portion of the off period could be incorrectly 
interpreted as the entire off period. To avoid this error, use a low sweep speed 
on the oscilloscope, adjusted to view the tone burst, off period, and the 
beginning of a second tone burst. 

3. The BURST GATE control does not interact with the SWEEP RATE control 
and will not affect the repetition rate. However, both controls affect the tone 
burst width. Since the BURST GATE control adjusts the duty cycle 
(percentage of repetition rate cycle in which tone burst is produced), any 
subsequent adjustment of the SWEEP RATE control affects the tone burst 
width, as well as the off period. When setting the tone burst width to a specific 
time period, adjust the SWEEP RATE control first, then the BURST GATE 
control. 

4. The tone burst output signal is always in full cycles or half cycles. Note that as 
the BURST GATE control is adjusted slowly, that the tone burst is increased 
or decreased in half cycle increments. This allows syncronization of the 
waveform for oscilloscope viewing and eliminates transients and frequency 
components not harmonically related to the frequency being gated. This 
feature is applicable to internal or external tone burst operation. 

TTL OUTPUT 

The TTL output is specifically designed for compatibility with TTL digital 
logic circuits. Set-up time is considerably reduced because the fixed logic levels and 
polarity are ready for direct injection into TTL circuits. There is no need for 


The 3020 is well-suited for testing digital logic circuits. It can supply squan 
waves, pulses, or a gated pulse train, and any of these waveforms may be swept ii 
frequency if desired. It can supply clock pulses for breadboarding and desigi 
analysis. Effects of varying pulse frequency, waveshape, and DC offset can b< 
analyzed. It can provide the correct digital drive signals to circuit boards that an 
removed from a system. It can drive quiescent equipment into a dynamic conditioi 
for testing. In troubleshooing digital logic circuits, it can provide the proper signal 
for the signal tracing or signal substitution method of fault isolation. 

1. Connect the equipment as shown in Fig. 19. 

2. Set up the 3020 to generate square waves, pulses, or a gated pulse train a 
described in the “Operating Instructions” portion of the manual. For a gate* 
pulse train set up the pulses first, then set up the gating as described for ton' 
burst operation. An external timing pulse applied at the GATE IN jack may b 
used for gating the pulse train if desired. 

3. For testing TTL logic circuits, use the TTL OUT signal. The amplitude and DC 
offset are preset for direct injection without the need for set-up adjustment 
Polarity of the TTL output is not reversible. A reverse polarity signal may b( 
set up readily by simultaneously applying the TTL OUT signal and the 501 
signal to the two channels of a dual trace oscilloscope. Adjust the AMPLI 
TUDE and DC OFFSET controls so that the 500 output exactly matches th. 
TTL OUT signal displayed on the oscilloscope. Polarity of the 500 output cat 
now be reversed at will with the NOR/INV switch. 



Fig. 19. Testing digital logic circuits. 
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modulation, is greatly reduced. Precise adjustment then becomes difficult for 
any desired percentage of modulation. 

3. The frequency separation of the sidebands from the carrier is equal to the 
frequency of the modulating signal. For example, with a 1000 Hz modulating 
signal, sidebands are generated 1000 Hz above and 1000 Hz below the carrier 
frequency. 



Duai Trace X-Y 



Fig. 17. AM receiver alignment. 


5. The IF amplifier tuning adjustments can be performed as required to obtaii 
the desired IF response curve. Normally each tuned circuit is adjusted fo 
maximum amplitude at the IF center frequency. 

External sweep may be used if desired for sine wave or other sweep patterns 
Connect the external sweep voltage source to the VCG IN jack. The external swee 
voltage should also be applied to the horizontal input of the oscilloscope. To set u 
frequency markers, a variable DC power supply fed into the VCG IN jack an 
oscilloscope horizontal input, and a frequency counter to measure outpu 
frequency may be used. However, even with external sweep operation, it may b 
more convenient in setting up frequency markers to use the GCV OUT voltage t 
drive the horizontal input of the oscilloscope, because it allows direct correlatio 
between the oscilloscope display, frequency counter, and FREQ dial, of the 302C 


FM COMMUNICATIONS RECEIVER ALIGNMENT 

The test set-up of Fig. 18 can be used for alignment of FM communicatio 
receiver IP’s and discriminators using the 455 kHz IF frequency. For accura 
frequency adjustments, a 455 kHz crystal-controlled marker source should be use 
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Stated another way: 


desired deviation 



x 0.1 V = required VCG IN signal 


Substituting this example: 


30 kHz 
20 kHz 


x0.1V = 1.5x0.1V = 0.15V 


3. Remember that the calculated VCG IN signal is the peak-to-peak amplitude. 


RANGE 

HIGHEST FREQ. 
OBTAINABLE 
(Hz) 

FREQ. DEVIATION FOR EACH 

0.1 VOLT VCG IN CHANGE 
(Hz) 

1 

2 

.02 

10 

20 

.2 

100 

200 

2 

IK 

2k 

20 

10K 

20 k 

200 

100K 

200 k 

2k 

1M 

2 M 

20 k 


Table 1. Frequency deviation versus VCG IN voltage. 


EXTERNAL CONTROL OF VCG 


Within a given range, the output frequency of the generator is normally 
controlled by the FREQ dial setting. However, it also may be controlled by 
applying voltage at the VCG IN jack on the rear panel. There are three basic modes 
of external VCG control possible, as follows: 

a. Applying an AC voltage produces FM modulation (previously described in 
“Use as FM Signal Generator” paragraph). 

b. Applying a specific fixed DC voltage will produce a specific output 
frequency (described in following “Programmed Frequency Selection” 
paragraph). 

c. Applying a ramp voltage (or other type waveform if desired) provides 
externally controlled sweep generator operation (described in following 
“Use as Externally Controlled Sweep Generator” paragraph). 

The following considerations apply to all modes of operation involving external 
control of the VCG (voltage-controlled generator): 
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periodically. Set-up time is reduced by eliminating the need for frequency 
measurement and precision tuning each time the frequency is needed. Just set the 
dial against its lower stop and turn on the external VCG voltage. 

A set of two or more specific frequencies may be programmed by using 
multiple DC voltages values which may be selected by a switch or electronic 
switching circuits. This type of operation would be desirable in production testing 
where signals at several specific frequencies are required for various tests. FSK 
(frequency shift keying) signals also may be generated in this manner. 

To maintain the original accuracy each time the operation is repeated the 
FREQ dial must be accurately set to the same position. Probably the easiest way to 
assure this common dial setting is to set it against its lower stop (.002). 

Additional information on programmed frequency selection is given in the 
APPLICATIONS portion of this manual. 

Use as Externally Controlled Sweep Generator 

A ramp voltage, or any other type waveform desired, can be applied for 
externally controlled sweep generator operation. A 0 to +10 volt swing will sweep 
frequencies over a 1000:1 ratio (with dial set to .002). 

Set up the equipment as described for internally controlled sweep generator 
operation, except turn the SWEEP WIDTH control to OFF. Apply the sweep 
voltage with no DC component at the VCG IN jack. The amplitude of the external 
sweep signal will now determine the sweep width, and the frequency or repetition 
rate of the external sweep signal will determine the sweep rate. 

One of the unusual variations possible in this mode is sweeping downward in 
frequency. Set the FREQ dial to the highest frequency to be swept and apply a 
negative-going ramp voltage. 


EXTERNAL CONTROL OF TONE BURST GENERATOR 

The Model 3020 may be operated as a tone burst generator using an external 
tone burst gating signal. The variation and precision of the repetition rate and tone 
burst width or duty cycle is limited only by the limitations of the external gating 
pulse generator. 

Procedure 

1. Set up equipment as described for internally controlled tone burst generator 
operation. 


14. Connect the 50fi output of the Sweep/Function Generator to the input of the 
circuit being tested. Connect a 50-ohm termination across the input terminal: 
(not required if the input impedance is 50 ohms). Connect the output of the 
circuit being tested into its normal load impedance. Connect the vertical or \ 
input of the oscilloscope to measure the voltage across the output load of the 
circuit being tested. 

15. Select sine, triangle, or square wave signal, as appropriate. Sine wave signal i 
most commonly used for frequency response checks. 

16. Set the SWEEP RATE control as high as possible to minimize flickering of th« 
oscilloscope display, but low enough to obtain a few cycles of signal at th 
lower frequencies of the sweep. 

17. Either LIN or LOG sweep will produce a linear display. The LOG position i 
sometimes preferred because it does not sweep through the low frequencies a 
fast. 

18. Adjust signal amplitude with the AMPLITUDE control and the ATTENUTs 
TION buttons. Set the vertical gain of the oscilloscope as desired fo 
convenient viewing height of tire oscilloscope display. Be sure to keep th 
signal below the clipping level of the circuit being tested. To assure agains 
clipping start with a very low signal level and increase signal amplitude until th 
highest peak on the display no longer increases in height as the AMPLITUD) 
control is increased, then reduce amplitude slightly below that point. 

The Frequency Response Display 

When using a conventional oscilloscope probe, the display will be an envelop 
such as shown in Fig. 14. The relative gain or attenuation of all frequencies withi 
the swept band is displayed. The display may be analyzed for acceptable c 
unacceptable frequency response characteristics. In wideband amplifiers, th 
objective is usually to maintain a flat frequency response over the widest possibl 
bandwidth. Frequency response displays of filters and coupling networks show th 
cutoff frequency and the sharpness of the cutoff. The frequency response display 
often the basis for alignment of RF circuits (Fig. 17 and 18). The display also ma 
be analyzed to determine the center frequency of bandpass, symmetry of bandpas: 
bandwidth, gain or signal amplitude, Q, and rejection of adjacent frequencies. 

Tone Control Test 

If an audio amplifier under test is equipped with bass and treble controls, th 
effects of these controls on overall response can be determined by runnin 
frequency response tests while adjusting the controls throughout their range ( 
adjustment. Fig. 15 illustrates some typical responses. 
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AM with suppressed carrier and Tone Burst. 

AM with suppressed carrier and Sweep and Tone Burst. 

Pulse (includes all non-symmetrical square, triangle, or sine 

waves) and Sweep. 

Pulse and Tone Burst — gated pulse train. 

FM and Tone Burst. 

FM and internally controlled Sweep. 

Sweep and Tone Burst. 

Sweep and tone burst operation can be obtained simultaneously, either 
internally or externally controlled. However, when both are internally controlled, 
the SWEEP RATE control affects both the sweep repetition rate and the tone burst 
repetition rate. If independent repetition rates are required, use external control for 
one or both functions. 


FREQUENCY RESPONSE MEASUREMENTS, LINEAR DISPLAY 
(See page 64 for Linear/Log Display Method) 

Introduction 

The Model 3020 Sweep/Function Generator is ideal for checking the frequenc 
response of such devices as amplifiers, bass and treble controls, bandpass filters, lo' 
or high pass filters, coupling networks, speakers and speaker enclosures, tune 
circuits, notch filters, and any impedance network. Tills instrument provides th 
signal source for measuring, adjusting and analyzing the frequency response of an 
active or passive device up to 2 MHz. 

It simplifies measurements with its internal sweep generator capability, c 
permits external sweep control for sine or special sweep patterns. Its 1000:1 swee 
range allows the entire 20 Hz to 20,000 Hz audio spectrum to be covered in a sing! 
sweep. This is a major convenience compared to several measurements, eac 
covering only a portion of the spectrum. 

Test Set-Up 

The following procedure, along with Fig. 13, describes the typical set-up an 
method for measuring frequency response: 

1. Select the desired frequency range with the RANGE switch. Choose the rang 
at which the highest frequency of the sweep would be selected if dialed 1 
manually. 

2. Set the FREQ dial to select the lowest frequency to be swept. 

3. During initial set-up, turn the SWEEP WIDTH control to OFF. 

4. Connect a cable from the GCV OUT jack to the horizontal or X input of th 
oscilloscope. 

5. Set the oscilloscope for external horizontal or X-Y operation. A single dc 
should appear on the screen. 

6. Select DC coupling for the horizontal or X input to the oscilloscope. 

7. Use the oscilloscope position controls to locate the dot at a convenier 
reference point toward the right side of the screen. 

8. Use a grease pencil or china marker and mark the location of the dot on th 
face of the oscilloscope screen. 

9. Set the FREQ dial to the highest frequency to be swept. As the frequency 
increased, the dot will move to the left. 
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